BACKGROUND: Vitamin D deficiency, an important risk factor for osteoporosis and other chronic medical conditions, is epidemic in the United States. Uninsured women may be at an even higher risk for vitamin D deficiency than others owing to low intake of dietary and supplemental vitamin D and limited sun exposure.
INTRODUCTION
Vitamin D deficiency continues to be present in epidemic proportions in this the "decade of bone health". 1 In a 2002 study of healthy young adults in Boston, investigators found that 36% of the 165 men and women screened in winter were vitamin D deficient as defined by 25(OH)D level less than 50 nmol/L. 2 The prevalence is even higher in subjects of minority race. For example, the third National Health and Nutrition Examination Survey reported that 42% of African American women compared with only 4% of white women had 25(OH)D level less than or equal to 37.5 nmol/L. 3 Vitamin D deficiency contributes to serious musculoskeletal conditions including osteoporosis, osteomalacia, muscle weakness, falls, and fracture. [4] [5] [6] [7] It has also been shown to influence the risks for diabetes, hypertension, and cardiovascular disease. [8] [9] [10] [11] Fortunately, if vitamin D deficiency is recognized early, supplementation is an inexpensive way to reduce the risk for these conditions and to slow their progression. [12] [13] [14] An area of particular concern in public health is the medical care of racial minorities and underserved populations such as those without medical insurance. According to the latest U.S. Census Bureau estimates there are now 46.6 million uninsured Americans and the number is steadily increasing. The uninsured "working poor" seen in the free clinics across the country are theoretically at high risk for vitamin D deficiency as a result of limited sun exposure, low supplement use, and low milk consumption. This population is also more vulnerable to the effects of vitamin D deficiency because of its high prevalence of chronic disease. 15, 16 Nearly half (45%) of nonelderly uninsured adults report having 1 or more chronic health problems. 17 After an in-depth review, we found a paucity of articles in refereed journals on the prevalence and current status of non-elderly, uninsured women with documented vitamin D deficiency. The aim of this study is to evaluate the prevalence of vitamin D deficiency and identify the contributing factors in uninsured female patients at a County Free Medical Clinic in urban Michigan.
METHODS

Participants and Study Design
We conducted a survey of vitamin D status in uninsured female patients aged 18-65 who attended an Internal Medicine County Free Clinic in urban Michigan. The eligibility for care at the free clinic includes an income level no more than 200% of the federal poverty level. 18 The participants were enrolled by the principal investigator or co-investigator during the study Table 1 . The excluded participants were modestly younger than the included subjects, but the groups were similar in race distribution, BMI, vitamin D intake, and sun exposure. The Institutional Review Board of our institution reviewed and approved the study. None of the participants received any form of remuneration for participating in this study.
Measurements
A brief health questionnaire was administered by a physician and included questions about demographics, medical history, vitamin supplement use, and sunlight exposure. Participants were asked to report the number of hours per week that they spent in direct sunlight and parts of their body that were exposed. A sun exposure index (SEI) was calculated by multiplying the number of hours per week by the percent of exposed body surface area (9% for the face, 9% for each arm, 18% for each leg and 1% for each hand). Sun exposure to the chest, back, and abdomen were not included in the calculation. 19 A validated short food frequency screening instru- 2, 4 and is also the level below which parathyroid hormone serum levels appear to increase. 13, 21, 22 This is important because elevated parathyroid hormone is a risk factor for skeletal disease. 23 Serum total calcium level was measured using standard automated calorimetric method. The laboratory reference range for total calcium is 2.1 to 2.6 mmol/L (8.5-10.4 mg/dl). 
Data Analysis
Prevalence and Predictors of Vitamin D Deficiency
Sixty-seven percent of the participants in this study were vitamin D deficient as defined by a 25(OH)D concentration less than 50 nmol/L. Only 53% of Caucasian women compared with 94% of all non-Caucasian women were vitamin D deficient (P<.001), and 100% of the African-American women were vitamin D deficient. The prevalence of 25(OH)D concentrations less than 50 nmol/L and less than several other commonly used benchmarks for vitamin D status are illustrated in Figure 1 . Independent predictors of vitamin D deficiency were examined with logistic regression models that included age, race, BMI, season, and vitamin D intake ( Table 2) . Non-Caucasians were 3 times as likely as Caucasians to be deficient when other factors were held constant, and women with vitamin D intakes less than 400 IU/day were more than 10 times more likely than others to be deficient.
DISCUSSION
More than two-thirds of women in this uninsured, medically underserved northern US population were vitamin D deficient as defined by a 25(OH)D concentration less than 50 nmol/L. This is a staggering statistic, particularly when you consider that many experts feel that optimal 25(OH)D concentrations are closer to 80 nmol/L, a level that 89% of our participants did not meet. 24 Furthermore, all African-American women in the study were vitamin D deficient, adding to extensive previous evidence that this group is more vulnerable to vitamin D deficiency than others because skin pigmentation inhibits skin synthesis of vitamin D. 4, 25, 26 The extent of vitamin D deficiency in our study was greater than that reported in women aged 30-59 in NHANES III (31% for non-Hispanic whites and 76% for non-Hispanic blacks. 27 The same assay and cut points were used for NHANES III and for our study. One explanation may be that, for logistical reasons, NHANES III made wintertime 25(OH)D measurements only in Southern states where sun exposure stimulates greater vitamin D production than in Northern states during the same period. Alternatively, the high prevalence of vitamin D deficiency in our study may be linked to lower vitamin D intake. Although self-reported total vitamin D intake in our study was similar to that of adult women in NHANES, 26 actual intake in our study may be lower. This may be caused by sporadic use of vitamin D supplements resulting from income or time constraints. We did not collect information about regularity of supplement use. Our study is limited by its small size and the fact that 32% of the participants we enrolled did not have measurements of 25(OH)D. However, those in whom 25(OH)D measurements were missing were similar to the others in the most important determinants of vitamin D status: vitamin D intake and race, suggesting that results in those we measured likely reflected those of the clinic population as a whole. Although we cannot know for sure whether the insured women have vitamin D levels that are similar to uninsured women, having a control group of insured women would have been helpful in answering this question. Uninsured individuals are typically a difficult population to recruit and study, and thus our demonstration of poor vitamin D status in this group is a strength of this study. However, because the clinic only served uninsured patients, we were unable to compare vitamin D status of uninsured and insured women. Thus, this study does not provide evidence that vitamin D status of the uninsured is worse than that of the insured.
Our findings point out the pressing need for health education regarding the prevention and treatment of vitamin D deficiency in uninsured women. In particular, our results demonstrate the importance of increasing vitamin D intake to 400 IU/day or higher, an intake that cannot generally be achieved from diet alone. Many experts now feel that the current recommended dietary allowances (RDAs), which range from 200 to 400 IU/day in the age group we studied, are too low and that many individuals need intakes as high as 1,000 IU/day to achieve optimal vitamin D status. 24 
